Effect of carbon content on damping capacity of Fe-l7%Mn alloy is investigated by varying the carbon content from 0.02wt% to 0.28wt%. And cold rolling is conducted to examine its influence on damping capacity and mechanical properties in an Fe-17%Mn-0.02%C alloy.
INTRODUCTION
In previous we have shown that an Fe-17wt%Mn alloy exhibits the highest damping capacity in Fe-Mn binary system. The alloy has advantages of good mechanical properties and low cost over non-ferrous damping alloys such as M~-CU[%~' and ~i -~i '~' .
In commercial fabrication process, however, introduction of impurities such as carbon and nitrogen is unavoidable. But the effect of the impurities on damping capacity has not been clarified yet in the alloy.
In this study, the effect of carbon content on damping capacity is investigated by varying the carbon content from 0.02wt% to 0.28wt%. In addition, cold rolling is carried out in an attempt to improve damping capacity and mechanical properties.
EXPERIMENTAL PROCEDURE
The alloys were melted in air by means of a high frequency induction furnace using pure electrolytic iron and manganese with addition of recarburizer. The melts were cast into a metallic mould and the ingots were homogenized at 1150' C for 24hrs, followed by hot rolling to bars and plates. After solution treatment at 1050' C for lhr, the specimens were quenched into water. The analyzed compositions of alloys used in this study are listed in Table 1 .
Damping capacity was measured using F6ppl-Pertz type torsional pend~lum'~', and evaluated as specific damping capacity (SDC). Transformation temperatures such as Ms, As and Af were determined using a thermomechanical analyzer, based on the volume contraction accompanying
transformation. Volume fraction of E and a ' martensites was calc~lated"'~' by comparing integrated intensities of (200) y , (10 . 1) E and (110) a ' peaks in X-ray diffraction chart. The specimens for TEM were prepared by electropolishing with twin-jet in 10%
HClOdmethanol solution. The electron microscope used was Philips CM-30 with an accelerating voltage of 300kV. 
RESULTS AND DISCUSSION
Alloy NO. , Mn C Fe Fig. 1 shows strain amplitude dependence of damping capacity of some Fe-17%Mn-X%C alloys. Damping capacities of all the alloys, irrespective of carbon content, increase steeply with strain magnitude, as is shown in Fig. 1 , indicating that the alloys exhibit similar damping mechanism to that of twin-type damping alloys[g1. Optical microstructures of the alloys in Fig. 3 suggests that the volume fraction of E martensite decreases with increasing carbon content. In the Fe-17%Mn-0.28%C alloy, no E martensite plates are observed.
The volume fractions of each phase contained in the microstructures were determined by X-ray diffraction method referred in the experimental procedure, and were plotted against carbon content in Fig. 4 . As shown in Fig. 4 , the amount of y austenite increases linearly with carbon content, contrary the amount of E martensite decreases abruptly up to 0.05wt%C, showing gradual decrease on further carbon conetnt. On the other hand, the amount of a ' martensite increases with carbon content, reaching a maximum value around 0.05wt%C, and decreases on further carbon content. with carbon content in Fe-17%Mn-X%C alloys. 5 shows the variations transformation temperatures of 7 to e with carbon conetnt. The M, temperature decreases with increasing carbon content. The decrease in e martensite content with carbon content in Fig. 4 is in good agreement with the variation of M, with carbon content shown in Fig. 5 . Fig. 6 shows transmission electron micrographs of the three alloys with different carbon contents. The Fe-17%Mn-0.02%C alloy consists of 7 and E martensite. In the Fe-l7%Mn-O.l%C alloy, smaller amount of E martensite is observed with the formation of stacking faults. With further increase in carbon content, as shown in Fig. 6(c) , tiny stacking faults and only a little E martensite are observed. However, no carbides are formed due to rapid cooling in all the alloys. (a) alloy 1 (b) alloy 6 (c) alloy 10
In the previous it has been already proposed that the movement of 7 / E interphase boundaries may be mainly responsible for damping of Fe-Mn binary alloys.
Therefore, the deterioration of damping capacity by carbon addition in Fig. 2 is attributed to the following two reasons; Firstly, as carbon content increases, the volume fraction of E martensite decreases, leading to the area reduction of 7 / & boundaries. Secondly, carbon atoms hinder the movement of the 7 / E boundaries by pinning them. Fig. 7 shows the effect of cold rolling on damping capacity in the Fe-17%Mn-X%C alloys. All the alloys, except for the Fe-17%Mn-0.28%C alloy, experience an increase in damping capacity up to 10% rolling, which may be ascribed to the increase in area of 7 / e boundaries due to formation of stress-induced e martensite. With further cold rolling, however, dislocations are generated to make the boundary movement more difficult, aggravating damping capacity.
Reduction of Thickness (%)
Reduction of Thickness (%) Mechanical properties are also changed with cold rolling, as shown in Fig. 8 . Cold rolling increases strength (UTS and YS) but decreases elongation. Considering the improvement in damping capacity and strength, though there is a little drop in elongation, 10% cold rolling is proposed as the best production condition of the Fe-17%Mn-O.O2%C alloy.
CONCLUSION
(1) As the carbon content increased, the damping capacities of Fe-17%Mn-X%C alloys were kept almost constant below about O.lwt%C, showing steep decrease on further carbon contents.
(2) The damping capacities of all the Fe-17%Mn-X%C alloys, irrespective of carbon content, increased steeply with increasing strain magnitude. (3) Cold rolling of about 10% improved strength as well as damping capacity in the Fe-17%Mn-0.02%C alloy without significant decrease in elongation.
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